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Description 

[0001] This invention relates to a kit for intervertebral 
disc treatment. 

[0002] The intervertebral disc contains three major 
components: a nucleus pulposus (a fluid-like component 
comprising proteoglycans and collagen), an annulus fi- 
brosis (a flexible, collagen-based ring surrounding the 
nucleus pulposus) and a pair of cartilaginous endplates 
which help enclose the nucleus pulposus within the an- 
nulus fibrosus. A normal, healthy nucleus pulposus acts 
much like a pressurized fluid by transferring and distrib- 
uting compressive load to the annulus fibrosis, thereby 
causing a slight expansion of the annulus fibrosus .How- 
ever, injury and/or degeneration of the intervertebral disc 
in the human spine can be caused by disc herniation, 
rupture of the annulus, prolapse of the nucleus pulposus, 
mechanical instability of the disc and/or dehydration of 
the disc, thereby leading to back pain. In addition, dam- 
age or degeneration of the annulus fibrosus in the form 
of a herniation, tear and/or crack reduces its ability to 
resist the tensile stresses conferred by the nucleus pul- 
posus. Thus, the disc experiences excessive bulging that 
may result in spinal cord and/or nerve root impingement 
and subsequent backpain. Further, the nucleus pulposus 
can leak into the foramenal spaces, causing irritation of 
nerve roots and foramenal stenosis. 
[0003] Treatments such as discectomy, laminectomy, 
laminotomy and/or spine fusion procedures represent 
state of the art surgical treatment for disc problems. Typ- 
ically, the goal of these treatments is to relieve pressure 
on the neural elements by eliminating the material caus- 
ing stenosis or irritation of the neural elements. However, 
discectomy when performed alone can result in signifi- 
cant loss of disc height and frequently provides only tem- 
porary pain relief. Laminectomy/laminotomy procedures 
also provide only temporary relief by opening up the spi- 
nal canal and decompressing the spinal cord, which is 
susceptible to restenosis due to scar tissue formation at 
the operative site. Spine fusion is considered by some 
to be a last resort, "most" invasive procedure that elimi- 
nates the flexibility of the motion segment and usually 
involves permanent hardware implantation. Further- 
more, fusing spinal segments has been linked to adjacent 
level disc degeneration. All of these techniques have the 
disadvantage that they require surgical intervention to 
carry out the treatment. 

[0004] Percutaneous microdiscectomy has been sug- 
gested as a minimally invasive discectomy procedure but 
still carries the disadvantage of causing disc height loss. 
Chemonucleolysis has been used clinically for decades 
and relieves pressure on a disc herniation by breaking 
down the nucleus pulposus. In essence, chemonucleol- 
ysis is a chemical discectomy. Because the goal of this 
treatment is to basically digest the nucleus, the conse- 
quent reduction in viscosity of the nucleus pulposus 
makes it more susceptible to leakage. In addition, this 
procedure appears to be associated with a 1% incidence 



of anaphylaxis which has caused patient deaths. Further- 
more, the procedure is known to also cause disc height 
loss. 

[0005] Because of the drawbacks associated with the 

5 conventional procedures, newer procedures have been 
developed with an aim towards relieving back pain with- 
out requiring invasive surgery and without reducing disc 
height and providing a longer-lasting therapeutic effect. 
[0006] Injecting curable or hardening materials into the 

io disc following discectomy has been suggested in order 
to provide a filler material for the space left by removal 
of the nucleus and/or annular defect. US-6206921 
(Guagliano) discloses a method of first removing the nu- 
cleus pulposus and/or herniated portion of the annulus 

is fibrosis, then injecting a heated, resilient, natural rubber 
materialthat hardens upon cooling. US-61 87048 (Milner) 
discloses an in situ polymerisable nucleus pulposus re- 
placement material that may be enclosed by an imper- 
meable container to prevent leakage. However, these 

20 materials may be susceptible to leakage out of the nu- 
cleus pulposus if no balloon or sheath has been formed 
around the material, particularly if the annulus fibrosis 
has not been adequately repaired. Furthermore, the im- 
plant may be subjected to repeated loads exceeding its 

25 strength over the lifetime it is expected to function in the 
patient. The potential consequence of failure is genera- 
tion of foreign particulate, which has been linked to os- 
teolysis and chronic foreign body reactions. 
[0007] Other treatment options, which do not require 

30 discectomy or nucleotomy, have also been explored. US- 
61 26682 (Sharkey) discloses a method of treating annu- 
lar fissures by delivering energy and/or materials to lo- 
calized places nearthe innerwall of the annulus fibrosus, 
particularly at the posterior margins, using a functional 

35 element. Heating the disc has the potential to "weld" de- 
fects and/or shrink disc tissues. However, the mecha- 
nism of heating the disc to weld defects is not well un- 
derstood and may cause secondary problems such as 
tissue necrosis and nerve root damage. Sharkey also 

40 discloses delivering dissolved collagen, adhesives, ce- 
ments or hydrogels to seal fissures in the annulus fibro- 
sus using the surgical instrument and functional element. 
However, this delivery is restricted to local points along 
the innerwall of the annulus fibrosus for treating annular 

4 5 fissures. 

[0008] Sharkey does not disclose providing a 
crosslinking agent in an amount effective to cause the 
crosslinking of any native molecular proteins of the disc, 
nor does Sharkey disclose depositing a sealant material 

50 into the centre of the nucleus pulposus portion of the disc. 
[0009] WO-00/62832 (Haldimann) discloses an in situ 
curable sealant material that repairs defects in the disc 
annulus to prevent leakage of nucleus pulposus material.'. 
In some embodiments, Haldimann discloses that the 

55 sealant material is made of two precursor components: 
a buffered protein solution (including collagen) and a bi- 
functional crosslinking agent (including PEG with an ac- 
tivated terminal group). Typically, this injectable material 
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adheres to the surrounding tissues by mechanical inter- 
locking. In some embodiments, Haldiman discloses that 
covalent bonds are formed between the preferred hydro- 
gel bio-compatible material and the surrounding annulus 
fibrosus tissue to further increase and secure the attach- 
ment of the sealant to the annulus fibrosus tissue in the 
proximity to the defect in the annulus fibrosus. There is 
also disclosed a method of adding "artificial nucleus pul- 
posus material' to achieve a volume comparable to a 
normal nucleus pulposus followed by sealing the annu- 
lus. 

[0010] Haldiman does not disclose providing the 
crosslinking agent in an amount effective to cause the 
crosslinking of any of the native molecular proteins of the 
disc. Haldiman does not disclose depositing the sealant 
material into the nucleus pulposus. 
[0011] WO-01/70151 (Aksan) discloses a method of 
strengthening and stabilizing collagenous tissues com- 
prising the steps of heating to shrink the collagen followed 
by crosslinking with a non-toxic agent. The treatment is 
mainly focussed on glenohumeral instability and loose 
skin problems, but application of capsular shift proce- 
dures used to repair injuries of the spine is also men- 
tioned. However, the crosslinking treatment always fol- 
lows a thermal shrinkage step in the disclosed procedure. 
Thermal shrinkage is very difficult to achieve in the in- 
tervertebral disc beyond a local region without inducing 
damaging effects and is likely to cause a highly nonuni- 
form tissue morphology. The crosslinking described is 
focussed on collagen molecules, which exist in relatively 
small proportions in the nucleus pulposus of the spine 
(about 5%). 

[0012] Aksan does not specifically disclose injecting 
the crosslinking agent into the intervertebral disc portion 
of the spine. Aksan does not disclose any method of 
crosslinking an untreated protein component of the disc. 
[0013] US-4931546 (Tardy) discloses a method for 
crosslinking collagen comprising exposing the collagen 
to a solution of periodic acid or a periodate, then allowing 
spontaneous crosslinking to occur from the aldehyde 
groups formed during exposure. Similarly, US-5972385 
(Liu) discloses a method of oxidizing polysaccharides, 
then reactingthe oxidized product with collagen and add- 
ing a growth factor, and discloses application of material 
so formed in spinal fusion augmentation.. Neither Tardy 
nor Liu describes in situ crosslinking of native living tis- 
sues, particularly in the spine or intervertebral disc. WO- 
03/020031 provides a method of improving the resist- 
ance of collagenous tissue to mechanical degradation. 
The method comprises the steps of contacting at least a 
portion of a collagenous tissue with an effective amount 
of a crosslinking reagent. 

[0014] Accordingly, there is a need for a minimally in- 
vasive method of treating pathological intervertebral 
discs that relieves back pain and encourages long-term 
disc stability and pain prevention by maintaining disc 
height, preventing nucleus leakage posteriorly, relieving 
pressure on a disc herniation, and inducing less alteration 



of the normal spine biomechanics. 
[0015] In accordance with the present invention, there 
is provided a method of manufacturing a medical com- 
position for the treatment of a pathologic intervertebral 
5 disc wherein a crosslinking agent is delivered to the disc 
in an amount sufficient to cause the chemical crosslinking 
of at least a portion of the unmodified native proteins 
present in the disc. The crosslinking stabilizes and stiff- 
ens the disc structure, which has the therapeutic effect 
io of relieving pressure on neural elements such as the spi- 
nal cord and the exiting nerve roots. The stabilization 
also prevents prolapse of the nucleus material, thereby 
preventing foramenal stenosis and loss of disc height. 
The invention further provides a least-invasive medical 
15 treatment for injured and/or degenerated intervertebral 
discs that will hopefully maintain most of the flexibility 
and functional biomechanics of the normal disc and pro- 
long the need for surgical intervention. 
[0016] The present invention involves crosslinking the 
20 native molecular components of the intervertebral disc, 
rather than removing or dissolving them. The potential 
effects of crosslinking are multi-fold, including altering 
the biomechanical nature of the nucleus pulposus from 
a viscous gel to a viscoelastic solid, thereby preventing 
25 prolapse into the spinal canal and reducing the tendency 
for excessive bulging of the annulus fibrosis, which are 
primary suspects for causing low back pain and sciatica. 
Crosslinking also inhibits the degradation of the disc by 
providing stable, durable chemical bonds, which can help 
30 maintain disc height and prevent excessive motion of the 
disc level, again preventing painful pinching of the nerves 
and rupture of the annular fibres. The present invention 
can be performed as an outpatient procedure and does 
not require surgical intervention, and so is particularly 
35 useful as a minimally invasive, early intervention strate- 
gy- 

[0017] Therefore, in accordance with the present in- 
vention, there is provided a method of manufacturing a 
medical composition for the treatment of a living being 
40 an intervertebral disc having a nucleus pulposus, com- 
prising the step of injecting a crosslinking agent into the 
nucleus pulposus. 

[0018] Forthe purposes of the present invention, a "na- 
tive protein" is any protein possessing any native ele- 
45 ments. Accordingly, a native protein may have a synthetic 
functional group produced by reaction with a foreign 
agent and still be considered a native protein. An "un- 
modified protein" is a protein which has not been sub- 
jected to heat in an amount sufficient to shrink the colla- 
50 gen therein. 

[0019] The intervertebral disc comprises three major 
components: 1) the nucleus pulposus, 2) the annulus fi- 
brosus, and 3) a pair of cartilaginous endplates. The 
present invention may be practised upon any of these 
55 sites, alone or in any combination. 

[0020] Preferably, the nucleus pulposus portion of the 
intervertebral disc is selected as the target site for the 
chemical crosslinking of the proteins therein. Treating 
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the nucleus pulposus with the method of the present in- 
vention can stiffen the nucleus pulposus (thereby reduc- 
ing undesired mobility), and prevent native material with- 
in the nucleus pulposus from leaking out. In some em- 
bodiments, the crosslinking agent is injected only into the 
nucleus pulposus. When the crosslinking agent is inject- 
ed into the nucleus pulposus, it is preferred that the agent 
be injected into the centre of the nucleus pulposus. 
[0021] In some preferred embodiments, both the nu- 
cleus pulposus and the annulus fibrosis may be treated 
with the same injection of crosslinking agent. Still more 
preferably, the injection causes not only the crosslinking 
of substantially the entire bulk of the nucleus pulposus, 
but also the crosslinking of the periphery of the nucleus 
pulposus to the inner wall of the annulus fibrosus. When 
this embodiment is practised, it is preferred that the agent 
be injected only into (and preferably into the centre of) 
the nucleus pulposus, and that light exercise be per- 
formed by the patient in order to disperse the agent to 
the periphery of the nucleus pulposus. 
[0022] In other preferred embodiments, only the annu- 
lus fibrosis is treated. Treating the annulus fibrosus with 
the method of the present invention can have the effect 
of binding a tear in the annulus fibrosus. When this em- 
bodiment is practised, it is preferred that the agent be 
injected into the defect produced by the tear. 
[0023] In some procedures, compositions of the 
present invention may be first injected into a first site in 
the disc, and then injected into a second site in the same 
disc. For example, a probe can be first manoeuvred into 
the disc and positioned so that a composition of the 
present invention may be first delivered only into the nu- 
cleus pulposus portion of the disc. The probe can then 
be manouevred again within the disc and positioned so 
that the same (or a different) composition of the present 
invention may be delivered to a defect in the annulus 
fibrosus. 

[0024] In some patients having a disc characterized 
by advanced degeneration, the line of demarcation be- 
tween the annulus fibrosus and the nucleus pulposus 
becomes unclear. Accordingly, in these cases, the 
crosslinking agent is preferably injected into the centre 
of the disc. 

[0025] The nucleus pulposus typically contains more 
than 80 volume percent (vol%) water (depending on age 
and condition). The protein content of the nucleus pul- 
posus typically comprises approximately 50 weight per- 
cent (wt%) proteoglycans, 20 wt% collagen (mainly Type 
II collagen), and other small proteins such asfibronectin, 
thromospondin, and elastin. The water and proteoglycan 
content of the nucleus pulposus generally decreases with 
age and onset of pathological changes. Hence, they are 
expected to be present in lower amounts in the interver- 
tebral discs in patients that are candidates for the method 
of this invention. 

[0026] The annulus fibrosis is generally slightly less 
hydrated than the nucleus pulposus and its protein con- 
tent comprises about 15 wt% proteoglycan and 70 wt% 



collagen (mainly Type I collagen). The annulus fibrosis 
may also lose water with age and disease, but generally 
experiences more structural changes, such as tearing 
and formation of thick bundles, than biochemical chang- 
5 es. 

[0027] The cartilaginous endplate is a thin layer of hy- 
aline cartilage similar to articular cartilage and dry weight 
is composed of mainly Type II collagen. 
[0028] When the nucleus pulposus site is so selected, 

'0 it is preferred that the crosslinking agent be selected so 
that it effectively causes the crosslinking of at least the 
proteoglycan protein component thereof (as it is the pre- 
dominant protein in nucleus pulposus). It is more pre- 
ferred that the crosslinking agent be selected so that it 

is effectively causes the crosslinking of both the proteogly- 
can and collagen protein components thereof (as colla- 
gen is the second most predominant protein in nucleus 
pulposus). However, in some embodiments, the 
crosslinking agent is selected so that it effectively causes 

20 the cross linking of the collagen protein component there- 
of, in other embodiments, the crosslinking agent be se- 
lected so that it effectively causes the crosslinking of es- 
sentially all the protein components of the nucleus pul- 
posus. When the annulus fibrosus site is so selected, it 

25 is preferred that the crosslinking agent be selected so 
that it effectively causes the cross linking of at least the 
collagen protein component thereof (as it is the predom- 
inant protein in annulus fibrosus). It is more preferred that 
the crosslinking agent be selected so that it effectively 

30 causes the crosslinking of both the proteoglycan and col- 
lagen protein components thereof (as proteoglycan is the 
second most predominant protein in the annulus fibrosis). 
However, in some embodiments, the crosslinking agent 
is selected so that it effectively causes the crosslinking 

35 of the proteoglycan protein component of the annulus 
fibrosus. In other embodiments, the crosslinking agent 
is selected so that it effectively causes the crosslinking 
of essentially all the protein components present at the 
defect of the annulus fibrosus. 

*o [0029] Chemical crosslinking of theselected molecular 
components can be accomplished using a variety of 
methods, including both direct and indirect crosslinking 
processes. Typically, crosslinking of proteins is accom- 
plished when an aldehyde functional group reacts with 

45 an amino acid group to form a bond between them. In 
some embodiments of the present invention involving al- 
dehyde and amino acid functional groups, the aldehyde 
functional group may be either synthesized upon a native 
protein or provided by a foreign agent, while the amino 

50 acid functional group is either present upon a native pro- 
tein or provided by a foreign agent, provided that at least 
oneof the functional groups is present on a native protein. 
[0030] For the purposes of the present invention, a 
crosslinking agent may "cause" the crosslinking of pro- 

55 teins by methods including but not limited to: 

(a) directly chemically bridging two functional groups 
from two different protein molecules ("inter-protein 
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direct crosslinking"); 

(b) directly chemically bridging two functional groups 
from the same protein molecule ("intra-protein direct 
crosslinking"); 

(c) reacting with a first protein molecule to form a 
synthetic functional group on a first protein molecule 
(typically an aldehyde) which in turn reacts with a 
second functional group (typically an amino acid 
group) on a second protein molecule ("inter-protein 
indirect crosslinking"); or 

(d) reacting with a protein molecule to form a syn- 
thetic functional group on the protein molecule (typ- 
ically an aldehyde) which in turn reacts with a second 
functional group (typically an amino acid group) on 
the same protein (intra-protein indirect crosslinking). 

[0031] Accordingly, in some embodiments, the in-situ 
crosslinking of the native proteins is accomplished by 
crosslinking a first synthetic functional group and a sec- 
ond functional group within a single native protein mole- 
cule. In some embodiments, the single native protein 
molecule is a proteoglycan, while in others the single 
native protein molecule is collagen. In general, aldehyde 
groups do typically not exist on native proteins. Accord- 
ingly, they must be provided as either a synthetic func- 
tional group (e.g., by using an oxidizing agent upon a 
protein) upon a native protein, or as a functional group 
of a foreign agent. 

[0032] In other embodiments, the in-situ crosslinking 
of the native proteins is accomplished by crosslinking a 
first functional group of a first protein molecule with a 
second functional group of a second protein molecule. 
In some embodiments, the first protein molecule is the 
same type as the second protein molecule. In some cas- 
es thereof; the first and second protein molecules are 
Type I collagen, while in others the first and second pro- 
tein molecules are Type II collagen, and in still others the 
first and second protein molecules are a type of prote- 
oglycan. In some embodiments, the first protein molecule 
is a different type than the second protein molecule. In 
some embodiments thereof, the first protein molecule is 
a type of collagen and the second protein molecule is a 
proteoglycan. In other embodiments thereof, the first pro- 
tein molecule is Type I collagen and the second protein 
molecule is Type II collagen. In other embodiments there- 
of, the first protein molecule is a glycosaminoglycan and 
the second protein molecule is Type II collagen. 
[0033] Direct crosslinking can be used in accordance 
with the present invention, and typically involves using 
the crosslinking agent as a bridge to chemically connect 
one amino acid group on one protein molecule to another 
amino acid group on the same or different protein mole- 
cule. These agents are called bifunctional agents. In 
some preferred embodiments, the crosslinking agent 
comprises a pair of functional groups that react with ami- 
no acid groups on the native proteins to be linked. Pref- 
erably, these functional groups are aldehydes. 
[0034] Direct crosslinking can be accomplished in ei- 



ther conventional one step ormultistep procedures. Con- 
ventional methods of direct crosslinking are described 
by Khor (Biomaterials 1 8:95-1 05, 1 997), which discloses 
methods for crosslinking collagenous tissues to improve 

5 durability, particularly transplanttissues from xenogeneic 
or allogeneic sources. In some embodiments of the 
present invention, direct crosslinking is accomplished in 
a one-step reaction, preferably by using a bifunctional 
agent. In some embodiments, the bifunctional agent is 

w selected from the group consisting of dialdehydes, poly- 
epoxy compounds and diisocyanates. One more pre- 
ferred bifunctional agent used in accordance with the 
present invention is glutaraldehyde. 
[0035] Conventional, multistep, direct, crosslinking re- 

*5 actions are also described by Khor. In some embodi- 
ments using multistep reactions, the bifunctional 
crosslinking agent is selected from the group consisting 
of acyl azide and carbodiimides. 
[0036] Pathak et al. (Soc for Biomaterials 27 th Annual 

20 Meeting Transactions p. 130, 2001) describe an alterna- 
tive to glutaraldehyde fixation of bovine pericardium us- 
ing bis-(sulphosuccinimidyl suberate) as the bifunctional 
agent. It is believed that bis(sulphosuccinimidyl suber- 
ate) may be less toxic than glutaraldehyde and is better 

25 resistant to calcrficatio n . 

[0037] Crosslinking agents can also be made by at- 
taching functional groups to synthetic polymers, which 
may improve biocompatibility. One particular example is 
functionally activating polyethylene glycol) with alde- 

30 hyde groups to manufacture an agent that will directly 
crosslink tissues in a manner similar to glutaraldehyde 
and formaldehyde. 

[0038] Preferably, the direct crosslinking agent of the 
present invention has a molecular weight of no more than 

35 1 million Daltons. Above this preferred value, the 
crosslinking agent may be insoluble in water and may be 
very difficult to inject and disperse into the disc tissues. 
More preferably, the crosslinking agent has a molecular 
weight of between about 1 00 Daltons and about 1 00,000 

40 Daltons. When the molecular weight of the agent is below 
about 100 Daltons, the agent may too easily diffuse into 
bodily tissues outside of the intervertebral disc. When 
the molecular weight of the agent is above about 1 00,000 
Daltons, the agent may not disperse adequately within 

45 the disc tissues to cause uniform crosslinking of native 
molecules. 

[0039] One preferred embodiment of this invention in- 
volves the direct, one step, aqueous reaction of a water- 
soluble, bifunctional crosslinking agent with at least apor- 

50 tion of the native proteins of the intervertebral disc. Pre- 
ferred crosslinking agents for this method include glutar- 
aldehyde, bisfsulphosuccinimidyl suberate), polyepoxy 
compounds and bifunctionally activated synthetic poly- 
mers such as poly(ethylene glycol) dialdehyde. Prefera- 

55 bly, the agent is diluted in a pH buffered physiological 
saline prior to administration. A buffered pH environment 
is desirable to maintain favourable reaction conditions 
during crosslinking. 
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[0040] Glutaratdehyde is particularly preferred as a 
crosslinking agent due to its medical history of use with 
biological transplant tissues and injectable adhesives. 
Preferably, the crosslinking agent (which is preferably 
glutaraldehyde) is delivered to the disc in a concentration 
of between approximately 0.1 and 20 volume percent 
(vol%), more preferably between 1 and 1 0 vol% in saline 
buffered to a pH of approximately 6.5 to 8.0, more pref- 
erably between approximately 7.0 to 7.5. 
[0041] Another method of causing the crosslinking of 
native intervertebral disc molecular components is to 
chemically react target portions of native proteins (such 
as native collagen and/or native proteoglycan proteins) 
such that synthetic functional groups (such as aldehydes) 
are created directly on the native proteins. Crosslinking 
then preferably occurs between the synthetic functional 
groups (such as aldehyde groups) of the reacted native 
protein and an unreacted functional group (such as an 
amino acid group) located on either the same native pro- 
tein or another molecule. Modification of the native com- 
ponent to form a functional group such as an aldehyde 
can be achieved using enzymatic oxidizing agents, and 
are preferably selected from the group consisting of 
lysine oxidase, transglutaminase, and multi-copper oxi- 
dases. Proteoglycans contain polysaccharide regions 
that may be modified to form aldehyde functional groups. 
This modification of proteoglycans may be accomplished 
by using either enzymatic or non-enzymatic agents. Ex- 
amples of enzymatic polysaccharide oxidizing agents in- 
clude catechol oxidase and tyrosinase. Examples of non- 
enzymatic polysaccharide oxidizing agents include peri- 
odate ions (periodic acid, sodium and potassium perio- 
date), nitroprusside ions (sodium nitroprusside) and hy- 
drogen peroxide. 

[0042] In a preferred embodiment of this invention, a 
non-enzymatic polysaccharide oxidizing agent is injected 
into the nucleus pulposus of a pathological intervertebral 
disc. Because the dry weight component of the nucleus 
pulposus is rich in proteoglycans, there are numerous 
sites that can be oxidized to form functional aldehydes. 
Subsequently, the aldehydes can react with amino acid 
regions of both native collagens and native proteogly- 
cans to form crosslinks. 

[0043] Chemical modification of proteoglycans, partic- 
ularly the sulphated proteoglycans, in the nucleus pulpo- 
sus can elicit the added benefit of reducing the swelling 
pressure in the nucleus, thereby reducing both the po- 
tential for exuding out of the disc and the tendency for 
the nucleus pulposus to cause bulging of the annulus. 
This is one proposed mechanism for the effectiveness 
of chemonucleolysis in reducing pain in properly selected 
patients {Katoetal., Spine 17:934-939, 1992). Further- 
more, this mechanism is the basis for clinical experiments 
conducted with aprotinin, a protease inhibitor that forms 
strong complexes with sulphated glycosaminoglycans 
{Kraemer et at., Spine 7:73-74, 1982). 
[0044] Preferably, the indirect crosslinking agent of the 
present invention has a relatively low molecular weight, 



is substantially completely reacted in the crosslinking 
process, and forms by-products (such as gases and wa- 
ter) which can relatively easily exit the reaction site. 
[0045] Although the agents used in the disclosed in- 

5 vention are preferably non-toxic at the concentrations 
employed for treatment, it may desirable to substantially 
inactivate any residual crosslinking agent with an inacti- 
vating agent once adequate crosslinking has been 
achieved in order to reduce any toxic potential the 

io crosslinking agent may still possess. For example, a di- 
luted solution of glycine will inactivate unreacted glutar- 
aldehyde as disclosed in WO-01/70151). Because the 
inactivating agent can react with the crosslinking agent, 
in preferred embodiments, the crosslinking agent is pro- 

is vided in first sterile container and the inactivating agent 
is provided is a second sterile container. 
[0046] In certain crosslinking procedures, the reaction 
is reversible, particularly if there is a dramatic change in 
pH. For these reversible reactions, it may be preferable 

20 to add a stabilizing agent once the crosslinking has been 
achieved. For example, the reaction of aldehyde func- 
tional groups with proteins generally forms what is know 
as a Schiff base, which may be a reversible reaction (with 
the exception of glutaraldehyde, which may undergo an 

25 irreversible reaction with proteins). In these cases where 
reverse reactions are possible, it may be preferable to 
include a later step of adding a stabilizing agent that sub- 
stantially prevents the reversal of the crosslinking reac- 
tion. Preferred stabilizing agents comprise boron com- 

30 pounds. More preferred stabilizing agents are selected 
from the group consisting of sodium borohydride, sodium 
cyanoborohydride or pyridine borane. Pyridine bo ran e is 
a more preferred agent for this invention due to its rela- 
tively higher biocompatibility. Because the stabilizing 

35 agent can react with the crosslinking agent, in preferred 
embodiments, the crosslinking agent is provided in a first 
sterile container and the stabilizing agent is provided in 
a second sterile container. 

[0047] In some embodiments, one or more of the com- 
pounds selected from the group consisting of the 
crosslinking agent, the inactivating agent and the stabi- 
lizing agent is delivered (preferably, separately) to the 
disc in a buffered saline solution capable of controlling 
pH during the crosslinking reaction. Preferably, the so- 

45 lution is buffered to a pH of approximately 6.5 to 8.0, 
more preferably between approximately 7.0 to 7.5. 
[0048] In some embodiments, one or more of the com- 
pounds selected from the group consisting of the 
crosslinking agent, the inactivating agent and the stabi- 

50 nzing agent is delivered (preferably, separately) to the 
disc in a composition further comprising a radio-opaque 
contrast medium present in an amount sufficient to mon- 
itor the flow of the composition through fluoroscopy. In 
some embodiments, the radio-opaque contrast medium 

55 comprises iodine. In some embodiments, the radio- 
opaque contrast medium is an iodine-containing dye. In 
some embodiments, the radio-opaque contrast medium 
comprises a compound selected from the group consist- 
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ing of barium-containing compounds (such as barium sul- 
phate), zirconia and tantalum, is preferably a barium-con- 
taining compound, and more preferably is barium sul- 
phate. 

[0049] In preferred embodiments, the compound is de- 
livered in a buffered saline solution containing the radio- 
opaque contrast medium. In more preferred embodi- 
ments, each compound used in the procedure is deliv- 
ered in a buffered saline solution containing the radio- 
opaque contrast medium. 

[0050] When certain embodiments of the present in- 
vention are practised, there is produced a composition 
formed within an intervertebral disc having a level of nat- 
urally crosslinked proteins, the composition comprising 
a crosslinked structure comprising proteins which are na- 
tive to the natural intervertebral disc, wherein the 
crosslinked structure has a degree of crosslinking which 
is higher than the unmodified level of naturally 
crosslinked proteins. Preferably, the naturally 
crosslinked proteins are unmodified. 
[0051] In some embodiments, the crosslinked struc- 
ture further comprises a direct cross linking agent, pref- 
erably glutaraldehyde. In others, the crosslinked struc- 
ture has been crosslinked using an indirect crosslinking 
agent which is not incorporated into the crosslinked struc- 
ture. In preferred embodiments, the disc further compris- 
es an annulus fibrosus having an inner wall, and wherein 
the crosslinked structure includes the inner wall of the 
annulus fibrosus. In others, the crosslinked structure is 
present essentially within the nucleus pulposus. In oth- 
ers, the crosslinked structure is present essentially 
throughout the entire disc. 

[0052] In a preferred embodiment of the invention, the 
agents and materials to be delivered to the intervertebral 
disc are injected percutaneously under fluoroscopic con- 
trol using a syringe and appropriate gauge needle, for 
example 25G. Such a minimally invasive procedure is 
highly desirable for minimizing damage to musculoskel- 
etal structures and can be performed using an outpatient 
procedure. Although this injection can be delivered from 
any approach to the disc, it is preferable to use a posterior 
or posterolateral approach such that the needie is re- 
quired to pass through a shortest distance before reach- 
ing the disc without penetrating major vascular or neural 
structures. Preferably, the agents and materials of this 
invention are injected into the centre of the nucleus pul- 
posus of the disc such that the material can then disperse 
radially into the remainder of the nucleus pulposus and/or 
remainder of the disc. 

[0053] The volume of diluted crosslinking solution in- 
jected into the disc is preferably between approximately 
0.1 and 10 ml, more preferably between approximately 
1 and 5 ml. This ensures that adequate crosslinking agent 
is delivered to the disc yet does not produce high pres- 
sures in the disc, potentially causing failure of the disc 
and extruding of crosslinking agent and disc material. 
[0054] In another preferred embodiment, light exercis- 
ing is used as an adjunct to the procedure in order to aid 



in the dispersing of agents and materials within the disc 
and to ensure complete reaction of the functional mate- 
rials injected and/or generated. Examples of light exer- 
cise include limited left and right lateral bending, flexion 

s and extension, and torso twists (axial rotation). Prefera- 
bly, the light exercising is performed after each step of 
the treatment to disperse each agent or material prior to 
delivering a subsequent material. 
[0055] As noted above, it is desirable to provide the 

io different compounds used in the present invention in sep- 
arate sterile containers in order to avoid undesirable re- 
actions between them priorto their injection into the disc. 
[0056] Therefore, in accordance with the present in- 
vention, there is provided a kit for injecting therapeutic 

is solutions into an intervertebral disc having native pro- 
teins, consisting of: 

(a) a first container having a sterile inner surf ace and 
containing a first compound, in which the first com- 

20 pound is a crosslinking agent present in an effective 
amount for cross linking at least a portion of the na- 
tive proteins, and 

(b) a second container having a sterile inner surface 
and containing a second different compound, 

25 

in which the second compound is selected from the group 
consisting of: 

(i) an inactivating agent, and 
30 (ii) a stabilizing agent 

[0057] In preferred embodiments, at least one contain- 
er containing a compound further contains a buffered sa- 
line solution, and preferably further contains a radio- 
es opaque contrast medium. In more preferred embodi- 
ments, each provided container containing a compound 
further contains a buffered saline solution, and preferably 
further contains a radio-opaque contrast medium. 
[0058] In some preferred kit embodiments, the 
40 crosslinking agent is a direct crosslinking agent (such as 
glutaraldehyde). In others, the crosslinking agent is an 
indirect cross linking agent (such as sodium periodate). 
[0059] in some embodiments, the kit further comprises 
first and second sterile syringes for separately injecting 
45 the compounds. In other embodiments, a third syringe is 
also provided. In some embodiments, the containers of 
the kit are provided in a case. Likewise the syringes of 
the kit are provided in the case. 

so REFERENCE EXAMPLE 1 : Biomechanics Testing of 
Cadaveric Functional Spine Units after Crosslinking 
Treatment 

[0060] In a prophetic experiment, four human cadav- 
55 eric lumbar spine segments (L1 - L5) are tested biome- 
chanically to determine range-of-motion (ROM) in flex- 
ion-extension, lateral bending, axial torsion and pure 
compression to establish a baseline. Three crosslinking 
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solutions plus one control solution are prepared: 1 ) 1 0% 
w/v glutaraldehyde in 0.1 M phosphate buffered saline 
(PBS) with pH 7.4; 2) 10% w/v bis(sulphosuccinimidyl 
suberate) in PBS; 3) 10% sodium periodate in PBS; 4) 
PBS alone/ For a given treatment, 2 ml of solution is 
injected into the centre of one of the four intervertebral 
discs of the cadaveric lumbar spine using a 5 ml syringe 
and 25G needle. For each spine segment, all treatments 
are applied, one to each level. 
[0061] Following the injections, the spine segments 
are subjected to simulated light exercise, i.e. flexion-ex- 
tension, lateral bending and axial rotation. These exer- 
cises are repeated at various times during the course of 
the experiment. After 2 hours and 24 hours, the biome- 
chanics range-of-motion (ROM) testing is repeated to 
measure the effect of crosslinking on each motion seg- 
ment. 

[0062] The range of motion testing should indicate that 
the stiffness of the segments significantly increased over 
that of a normal untreated disc. 

REFERENCE EXAMPLE 2: Outpatient Procedure for In 
Situ Crosslinking Treatment of the Intervertebral Disc 

[0063] After complaining of low back and leg pain, a 
patient is referred to a spine specialist. Using x-rays and 
MRI, the physician determines that the pain is being 
caused by a bulging intervertebral disc with loss of disc 
height. The recommended treatment is restoration of disc 
height with an injection of soluble Type I atelocollagen 
followed by crosslinking treatment with 10% gluteralde- 
hyde. 

[0064] In the first outpatient procedure, 2 ml of atel- 
opeptide Type I collagen solution is injected percutane- 
ously into the centre of the intervertebral disc. The patient 
then follows a prescribed light exercise regimen of limited 
right and left lateral bending, flexion and extension, and 
torsional twisting and told to refrain from lifting heavy ob- 
jects and engaging in high impact exercises. 
[0065] The second outpatient procedure is performed 
on the following day. In this procedure , 2 ml of 10% glu- 
teraldehyde solution in 0.1 M phosphate buffered saline 
(pH 7.4) is injected percutaneously into the centre of the 
intervertebral disc. Again, the patient then follows a pre- 
scribed light exercise regimen of limited right and left lat- 
eral bending, flexion and extension, andtorsionaltwisting 
and told to refrain from lifting heavy objects and engaging 
in high impact exercises for at least two days. 



Claims 

1 . Use of (a) a crosslinking agent, and (b) an inactivat- 
ing agent Capable of inactivating any residual 
crosslinking agent or a stabilising agent capable of 
preventing the reversal of the crosslinking reactions, 
in the manufacture of a composition for the treatment 
of an intervertebral disc which is affected by any of 



disc herniation, rupture of the annul us, prolapse of 
the nucleus pulposus, mechanical instability of the 
disc, and dehydration of the disc, where disc height 
is maintained, leakage of the nucleus is prevented 
5 posterialy, pressure on a disc herniation is relieved; 
' and less alteration to normal spine biomechanics is 
a induced, in which composition is presented in a kit 
which comprises first and second containers, each 
having sterile inner surfaces, for containing the 
10 . crosslinking agent and the inactivating agent or the 
stabilising agent respectively, and in which the com- 
position does not contain supplemental protein. 

2. The use of agents in the manufacture of a kit, as 
15 claimed in claim 1, in which the composition with 

which the disc is to be treated includes a buffered 
saline solution and a radio-opaque contrast medium. 

3. The use of agents in the manufacture of a kit, as 
20 claimed in claim 1 , in which the crosslinking agent 

is present in its container in a concentration of be- 
tween 0.1 and 20 volume percent, preferably be- 
tween 1 and 10 volume percent. 

25 4. The use of agents in the manufacture of a kit, as 
claimed in claim 1 , in which the crosslinking agent 
is glutaraldehyde. 



30 Patentanspruche 

1. Verwendung von (a) einem Vernetzungsagens und 
(b) einem Inaktivierungsagens, dasfahig istzum In- 
aktivieren von jeglichem restlichen Vemetzungs- 

35 agens, oder einem Stabilisierungsagens, das fahig 
ist zum Vermeiden der Umkehr der Vernetzungsre- 
aktion, bei der Herstellung einer Zusammensetzung 
fur die Behandlung einer Bandscheibe, die durch ir- 
gendeines von Scheibeneinklemmung, Ruptur des 

40 Anulus, Prolaps des Nukleus pulposus, mechani- 
scher Instability der Scheibe und Dehydratisierung 
derScheibe betroffen ist, wobei eine Scheibenhohe 
bewahrt wird, Auslaufen des Nukleus posterior ver- 
mieden wird, Druck auf eine Scheibeneinklemmung 

45 abgebaut wird und weniger Umbildung zu normaler 
Wirbelbiomechanik induziert wird, bei welcher die 
Zusammensetzung in einem Kit dargeboten wird, 
dererste und zweite BehalterumfaBt, jeweils m'rtste- 
rilen inneren Oberflachen, zur Aufnahme des Ver- 

50 netzungsagens bzw. des Inaktivierungsagens Oder 
des Stabilisierungsagens, und bei welcher die Zu- 
sammensetzung kein erganzendes Protein enthalt. 

2. Verwendung von Agentien bei der Herstellung eines 
55 Kits nach Anspruch 1, bei welcher die Zusammen- 
setzung, mit der die Scheibe zu behandeln ist, eine 
gepufferte Salzlosung und ein Rontgenstrahlen un- 
durchlassiges Kontrastmedium einschlieBt. 
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3. Verwendung von Agentien bei der Herstellung eines 
Kits nach Anspruch 1 , bei weicher das Vernetzungs- 
mittel in seinem Behalter in einer Konzentration zwi- 
. schen 0,1 und 20 Vol-%, bevorzugt zwischen 1 und 
~10 Vol-% vorliegt. 5 

4. Verwendung von Agentien bei der Herstellung eines 
Kits nach Anspruch 1 , bei weicher das Vernetzungs- 
mittel Glutaraldehyd ist. 

10 

Revendications 

1 . Utilisation (a) d'un agent reticulant, et (b) d'un agent 
inactivant capable d'inactivertout agent reticulant re- *5 
siduel ou d'un agent stabilisant capable d'empecher 
Pinversion de la reaction de reticulation, dans la fa- 
brication d'une composition pour le traitement d'un 
disque intervertebral qui est affecte par une hemie 
discale, une rupture de I'anneau, un prolapsus du 20 
nucleus pulposus, une instability mecanique du dis- 
que ou deshydratation du disque, ou la hauteur dis- 
cale est maintenue, la fuite du nucleus est evitee 
post6rieurement, la pression sur une hernie discale 

est soulagee, et une moindre alteration de la biochi- 25 
mie spinale normale est induite, la composition etant 
presentee sous la forme d'un kit qui comprend des 
premier et deuxieme recipients, chacun ayant des 
surfaces interieures st^riles, pour contenir respecti- 
vement I'agent reticulant et I'agent inactivant ou 30 
I'agent stabilisant, et la composition ne contenant 
pas de proteine supp!6mentaire. 

2. Utilisation d'agents dans la fabrication d'un kit, selon 

la revendication 1 , dans laquelle la composition avec 35 
laquelle le disque doit etre traite comprend une so- 
lution saline tamponnee et une substance de con- 
traste radio-opaque. 

3. Utilisation d'agents dans la fabrication d'un kit, selon 40 
la revendication 1, dans laquelle I'agent reticulant 

est present dans son r6cipient sous la forme d'une 
concentration entre 0,1 et 20 pour cent en volume, 
de preference entre 1 et 10 pour cent en volume. 

45 

4. Utilisation d'agents dans la fabrication d'un kit, selon 
la revendication 1, dans laquelle I'agent reticulant 
est du glutaraldehyde. 
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Description 

[0001 ] This invention relates to a kit for intervertebral 
disc treatment. 

[0002] The intervertebral disc contains three major s 
components: a nucleus pulposus (a fluid-like compo- 
nent comprising proteoglycans and collagen), an annu- 
lus fibrosis (a flexible, collagen-based ring surrounding 
the nucleus pulposus) and a pair of cartilaginous end- 
plates which help enclose the nucleus pulposus within 
the annulus fibrosus. A normal, healthy nucleus pulpo- 
sus acts much like a pressurized fluid by transferring 
and distributing compressive load to the annulus fibro- 
sis, thereby causing a slight expansion of the annulus 
fibrosus . However, injury and/or degeneration of the in- 
tervertebral disc in the human spine can be caused by 
disc herniation, rupture of the annulus, prolapse of the 
nucleus pulposus, mechanical instability of the disc and/ 
or dehydration of the disc, thereby leading to back pain. 
In addition, damage or degeneration of the annulus fi- 
brosus in the form of a herniation, tear and/or crack re- 
duces its ability to resist the tensile stresses conferred 
by the nucleus pulposus. Thus, the disc experiences ex- 
cessive bulging that may result in spinal cord and/or 
nerve root impingement and subsequent back pain. Fur- 
ther, the nucleus pulposus can leak into the foramenal 
spaces, causing irritation of nerve roots and foramenal 
stenosis. 

[0003] Treatments such as discectomy, laminectomy, 
laminotomy and/or spine fusion procedures represent 
state of the art surgical treatment for disc problems. Typ- 
ically, the goal of these treatments is to relieve pressure 
on the neural elements by eliminating the material caus- 
ing stenosis or irritation of the neural elements. Howev- 
er, discectomy when performed alone can result in sig- 
nificant loss of disc height and frequently provides only 
temporary pain relief. Laminectomy/laminotomy proce- 
dures also provide only temporary relief by opening up 
the spinal canal and decompressing the spinal cord, 
which is susceptible to restenosis due to scar tissue for- 
mation at the operative site. Spine fusion is considered 
by some to be a last resort, "most" invasive procedure 
that eliminates the flexibility of the motion segment and 
usually involves permanent hardware implantation. Fur- 
thermore, fusing spinal segments has been linked to ad- 
jacent level disc degeneration. All of these techniques 
have the disadvantage that they require surgical inter- 
vention to carry out the treatment. 
[0004] Percutaneous microdiscectomy has been sug- 
gested as a minimally invasive discectomy procedure 
but still carries the disadvantage of causing disc height 
loss. Chemonucleolysis has been used clinically for 
decades and relieves pressure on a disc herniation by 
breaking down the nucleus pulposus. In essence, chem- 
onucleolysis is a chemical discectomy. Because the 
goal of this treatment is to basically digest the nucleus, 
the consequent reduction in viscosity of the nucleus pul- 
posus makes it more susceptible to leakage. In addition, 



this procedure appears to be associated with a 1% in- 
cidence of anaphylaxis which has caused patient 
deaths. Furthermore, the procedure is known to also 
cause disc height loss. 

[0005] Because of the drawbacks associated with the 
conventional procedures, newer procedures have been 
developed with an aim towards relieving back pain with- 
out requiring invasive surgery and without reducing disc 
height and providing a longer-lasting therapeutic effect. 
[0006] Injecting curable or hardening materials into 
the disc following discectomy has been suggested in or- 
der to provide a filler material for the space left by re- 
moval of the nucleus and/or annular defect. US- 
6206921 (Guagliano) discloses a method of first remov- 
ing the nucleus pulposus and/or herniated portion of the 
annulus fibrosis, then injecting a heated, resilient, nat- 
ural rubber material that hardens upon cooling. US- 
61 87048 (Milner) discloses an in situ polymerisable nu- 
cleus pulposus replacement material that may be en- 
closed by an impermeable containerto prevent leakage. 
However, these materials may be susceptible to leak- 
age out of the nucleus pulposus if no balloon or sheath 
has been formed around the material, particularly if the 
annulus fibrosis has not been adequately repaired. Fur- 
thermore, the implant may be subjected to repeated 
loads exceeding its strength over the lifetime it is ex- 
pected to function in the patient. The potential conse- 
quence of failure is generation of foreign particulate, 
which has been linked to osteolysis and chronic foreign 
body reactions. 

[0007] Other treatment options, which do not require 
discectomy or nucleotomy, have also been explored. 
US-61 26682 (Sharkey) discloses a method of treating 
annular fissures by delivering energy and/or materials 
to localized places near the inner wall of the annulus 
fibrosus, particularly at the posterior margins, using a 
functional element. Heating the disc has the potential to 
"weld" defects and/or shrink disc tissues. However, the 
mechanism of heating the disc to weld defects is not well 
understood and may cause secondary problems such 
as tissue necrosis and nerve root damage. Sharkey also 
discloses delivering dissolved collagen, adhesives, ce- 
ments or hydrogels to seal fissures in the annulus fibro- 
sus using the surgical instrument and functional ele- 
ment. However, this delivery is restricted to local points 
along the inner wall of the annulus fibrosus for treating 
annular fissures. 

[0008] Sharkey does not disclose providing a 
Crosslin king agent in an amount effective to cause the 
crosslinking of any native molecular proteins of the disc, 
nor does Sharkey disclose depositing a sealant material 
into the centre of the nucleus pulposus portion of the 
disc. 

[0009] WO-00/62832 (Haldimann) discloses an in situ 
curable sealant material that repairs defects in the disc 
annulus to prevent leakage of nucleus pulposus mate- 
rial. In some embodiments, Haldimann discloses that 
the sealant material is made of two precursor compo- 
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nents: a buffered protein solution (including collagen) 
and a bifunctional crosslinking agent (including PEG 
with an activated terminal group). Typically, this injecta- 
ble material adheres to the surrounding tissues by me- 
chanical interlocking. In some embodiments, Haldiman 
discloses that covalent bonds are formed between the 
preferred hydrogel bio-compatible material and the sur- 
rounding annulus fibrosus tissue to further increase and 
secure the attachment of the sealant to the annulus fi- 
brosus tissue in the proximity to the defect in the annulus 
fibrosus. There is also disclosed a method of adding "ar- 
tificial nucleus pulposus material" to achieve a volume 
comparable to a normal nucleus pulposus followed by 
sealing the annulus. 

[0010] Haldiman does not disclose providing the 
crosslinking agent in an amount effective to cause the 
crosslinking of any of the native molecular proteins of 
the disc. Haldiman does not disclose depositing the 
sealant material into the nucleus pulposus. 
[0011] WO-01/70151 (Aksan) discloses a method of 
strengthening and stabilizing collagenous tissues com- 
prising the steps of heating to shrink the collagen fol- 
lowed by crosslinking with a non-toxic agent. The treat- 
ment is mainly focussed on glenohumeral instability and 
loose skin problems, but application of capsular shift 
procedures used to repair injuries of the spine is also 
mentioned. However, the crosslinking treatment always 
follows a thermal shrinkage step in the disclosed proce- 
dure. Thermal shrinkage is very difficult to achieve in the 
intervertebral disc beyond a local region without induc- 
ing damaging effects and is likely to cause a highly non- 
uniform tissue morphology. The crosslinking described 
is focussed on collagen molecules, which exist in rela- 
tively small proportions in the nucleus pulposus of the 
spine (about 5%). 

[0012] Aksan does not specifically disclose injecting 
the crosslinking agent into the intervertebral disc portion 
of the spine. Aksan does not disclose any method of 
crosslinking an untreated protein component of the disc. 
[0013] US^931546 (Tardy) discloses a method for 
crosslinking collagen comprising exposing the collagen 
to a solution of periodic acid or a periodate, then allowing 
spontaneous crosslinking to occur from the aldehyde 
groups formed during exposure. Similarly, US-5972385 
(Liu) discloses a method of oxidizing polysaccharides, 
then reacting the oxidized product with collagen and 
adding a growth factor, and discloses application of ma- 
terial so formed in spinal fusion augmentation.. Neither 
Tardy nor Liu describes in situ crosslinking of native liv- 
ing tissues, particularly in the spine or intervertebral 
disc. 

[0014] Accordingly, there is a need for a minimally in- 
vasive method of treating pathological intervertebral 
discs that relieves back pain and encourages long-term 
disc stability and pain prevention by maintaining disc 
height, preventing nucleus leakage posteriorly, relieving 
pressure on a disc herniation, and inducing less altera- 
tion of the norma! spine biomechanics. 



[0015] In accordance with the present invention, there 
is provided a method of treating a pathologic interverte- 
bral disc wherein a crosslinking agent is delivered to the 
disc in an amount sufficient to cause the chemical 
5 crosslinking of at least a portion of the unmodified native 
proteins present in the disc. The crosslinking stabilizes 
and stiffens the disc structure, which has the therapeutic 
effect of relieving pressure on neural elements such as 
the spinal cord and the exiting nerve roots. The stabili- 
se zation also prevents prolapse of the nucleus material, 
thereby preventing foramenal stenosis and loss of disc 
height. The invention further provides a least-invasive 
medical treatment for injured and/or degenerated in- 
tervertebral discs that will hopefully maintain most of the 
15 flexibility andfunctional biomechanics of the normal disc 
and prolong the need for surgical intervention. 
[0016] The present invention involves crosslinking the 
native molecular components of the intervertebral disc, 
rather than removing or dissolving them. The potential 
20 effects of crosslinking are multi-fold, including altering 
the biomechanical nature of the nucleus pulposus from 
a viscous gel to a viscoelastic solid, thereby preventing 
prolapse into the spinal canal and reducing the tendency 
for excessive bulging of the annulus fibrosis, which are 
25 primary suspects for causing low back pain and sciatica. 
Crosslinking also inhibits the degradation of the disc by 
providing stable, durable chemical bonds, which can 
help maintain disc height and prevent excessive motion 
of the disc level, again preventing painful pinching of the 
30 nerves and rupture of the annular fibres. The present 
invention can be performed as an outpatient procedure 
and does not require surgical intervention, and so is par- 
ticularly useful as a minimally invasive, early interven- 
tion strategy. 

35 [0017] Therefore, in accordance with the present in- 
vention, there is provided a method of treating in a living 
being an intervertebral disc having a nucleus pulposus, 
comprising the step of injecting a crosslinking agent into 
the nucleus pulposus. 

40 [001 8] Also in accordance with the present invention , 
there is provided method of treating in a living being an 
intervertebral disc having a nucleus pulposus, an annu- 
lus fibrosus, and native proteins, comprising the step of 
injecting an effective amount of a crosslinking agent into 

4 5 the intervertebral disc to cause in situ crosslinking of at 
least a portion of the native proteins present in the disc 
[0019] For the purposes of the present invention, a 
"native protein" is any protein possessing any native el- 
ements. Accordingly, a native protein may have a syn- 

50 thetic functional group produced by reaction with a for- 
eign agent and still be considered a native protein. An 
"unmodified protein" is a protein which has not been 
subjected to heat in an amount sufficient to shrink the 
collagen therein. 

55 [0020] The intervertebral disc comprises three major 
components: 1) the nucleus pulposus, 2) the annulus 
fibrosus, and 3) a pair of cartilaginous endplates. The 
present invention may be practised upon any of these 
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sites, alone or in any combination. 
[0021] Preferably, the nucleus pulposus portion of the 
intervertebral disc is selected as the target site for the 
chemical crosslinking of the proteins therein. Treating 
the nucleus pulposus with the method of the present in- 
vention can stiffen the nucleus pulposus (thereby reduc- 
ing undesired mobility), and prevent native material 
within the nucleus pulposus from leaking out. In some 
embodiments, the crosslinking agent is injected only in- 
to the nucleus pulposus. When the crosslinking agent is 
injected into the nucleus pulposus, it is preferred that 
the agent be injected into the centre of the nucleus pul- 
posus. 

[0022] In some preferred embodiments, both the nu- 
cleus pulposus and the annulus fibrosis may be treated 
with the same injection of crosslinking agent. Still more 
preferably, the injection causes not only the crosslinking 
of substantially the entire bulk of the nucleus pulposus, 
but also the crosslinking of the periphery of the nucleus 
pulposus to the inner wall of the annulus fibrosus. When 
this embodiment is practised, it is preferred that the 
agent be injected only into (and preferably into the cen- 
tre of) the nucleus pulposus, and that light exercise be 
performed by the patient in order to disperse the agent 
to the periphery of the nucleus pulposus. 
[0023] In other preferred embodiments, only the an- 
nulus fibrosis is treated. Treating the annulus fibrosus 
with the method of the present invention can have the 
effect of binding a tear in the annulus fibrosus. When 
this embodiment is practised, it is preferred that the 
agent be injected into the defect produced by the tear. 
[0024] In some procedures, compositions of the 
present invention may be first injected into a first site in 
the disc, and then injected into a second site in the same 
disc. For example, a probe can be first manoeuvred into 
the disc and positioned so that a composition of the 
present invention may be first delivered only into the nu- 
cleus pulposus portion of the disc. The probe can then 
be manouevred again within the disc and positioned so 
that the same (or a different) composition of the present 
invention may be delivered to a defect in the annulus 
fibrosus. 

[0025] In some patients having a disc characterized 
by advanced degeneration, the line of demarcation be- 
tween the annulus fibrosus and the nucleus pulposus 
becomes unclear. Accordingly, in these cases, the 
crosslinking agent is preferably injected into the centre 
of the disc. 

[0026] The nucleus pulposus typically contains more 
than 80 volume percent (vol%) water (depending on age 
and condition). The protein content of the nucleus pul- 
posus typically comprises approximately 50 weight per- 
cent (wt%) proteoglycans, 20 wt% collagen (mainly 
Type II collagen), and other small proteins such as fi- 
bronectin, thromospondin, and elastin. The water and 
proteoglycan content of the nucleus pulposus generally 
decreases with age and onset of pathological changes. 
Hence, they are expected to be present in lower 



amounts in the intervertebral discs in patients that are 
candidates for the method of this invention. 
[0027] The annulus fibrosis is generally slightly less 
hydrated than the nucleus pulposus and its protein con- 

5 tent comprises about 1 5 wt% proteoglycan and 70 wt% 
collagen (mainly Type I collagen). The annulus fibrosis 
may also lose water with age and disease, but generally 
experiences more structural changes, such as tearing 
and formation of thick bundles, than biochemical chang- 

10 es. 

[0028] The cartilaginous endplate is a thin layer of hy- 
aline cartilage similar to articular cartilage and dry 
weight is composed of mainly Type II collagen. 
[0029] When the nucleus pulposus site is so selected, 

15 it is preferred that the crosslinking agent be selected so 
that it effectively causes the crosslinking of at least the 
proteoglycan protein component thereof (as it is the pre- 
dominant protein in nucleus pulposus). It is more pre- 
ferred that the crosslinking agent be selected so that it 

20 effectively causes the crosslinking of both the proteogly- 
can and collagen protein components thereof (as colla- 
gen is the second most predominant protein in nucleus 
pulposus). However, in some embodiments, the 
crosslinking agent is selected so that it effectively caus- 

25 es the cross linking of the collagen protein component 
thereof. In other embodiments, the crosslinking agent 
be selected so that it effectively causes the crosslinking 
of essentially all the protein components of the nucleus 
pulposus. When the annulus fibrosus site is so selected, 

30 it is preferred that the crosslinking agent be selected so 
that it effectively causes the cross linking of at least the 
collagen protein component thereof (as it is the predom- 
inant protein in annulus fibrosus). It is more preferred 
that the crosslinking agent be selected so that it effec- 
ts tively causes the crosslinking of both the proteoglycan 
and collagen protein components thereof (as proteogly- 
can is the second most predominant protein in the an- 
nulus fibrosis). However, in some embodiments, the 
crosslinking agent is selected so that it effectively caus- 

40 es the crosslinking of the proteoglycan protein compo- 
nent of the annulus fibrosus. In other embodiments, the 
crosslinking agent is selected so that it effectively caus- 
es the crosslinking of essentially ail the protein compo- 
nents present at the defect of the annulus fibrosus. 

45 [0030] Chemical crosslinking of the selected molecu- 
lar components can be accomplished using a variety of 
methods, including both direct and indirect crosslinking 
processes. Typically, crosslinking of proteins is accom- 
plished when an aldehyde functional group reacts with 

50 an amino acid group to form a bond between them. In 
some embodiments of the present invention involving 
aldehyde and amino acid functional groups, the alde- 
hyde functional group may be either synthesized upon 
a native protein or provided by a foreign agent, while the 

55 amino acid functional group is either present upon a na- 
tive protein or provided by a foreign agent, provided that 
at least one of the functional groups is present on a na- 
tive protein. 
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[0031] For the purposes of the present invention, a 
crosslinking agent may "cause" the crosslinking of pro- 
teins by methods including but not limited to: 

(a) directly chemically bridging two functional 
groups from two different protein molecules ("inter- 
protein direct crosslinking"); 

(b) directly chemically bridging two functional 
groups from the same protein molecule ("intra-pro- 
tein direct crosslinking 1 *); 

(c) reacting with a first protein molecule to form a 
synthetic functional group on a first protein mole- 
cule (typically an aldehyde) which in turn reacts with 
a second functional group (typically an amino acid 
group) on a second protein molecule ("inter-protein 
indirect crosslinking"); or 

(d) reacting with a protein molecule to form a syn- 
thetic functional group on the protein molecule (typ- 
ically an aldehyde) which in turn reacts with a sec- 
ond functional group (typically an amino acid group) 
on the same protein (intra-protein indirect crosslink- 
ing). 

[0032] Accordingly, in some embodiments, the in-situ 
crosslinking of the native proteins is accomplished by 
crosslinking a first synthetic functional group and a sec- 
ond functional group within a single native protein mol- 
ecule. In some embodiments, the single native protein 
molecule is a proteoglycan, while in others the single 
native protein molecule is collagen. In general, aldehyde 
groups do typically not exist on native proteins. Accord- 
ingly, they must be provided as either a synthetic func- 
tional group (e.g., by using an oxidizing agent upon a 
protein) upon a native protein, or as a functional group 
of a foreign agent. 

[0033] In other embodiments, the in-situ crosslinking 
of the native proteins is accomplished by crosslinking a 
first functional group of a first protein molecule with a 
second functional group of a second protein molecule. 
In some embodiments, the first protein molecule is the 
same type as the second protein molecule. In some cas- 
es thereof, the first and second protein molecules are 
Type I collagen, while in others the first and second pro- 
tein molecules are Type II collagen, and in still others 
the first and second protein molecules are a type of pro- 
teoglycan. In some embodiments, the first protein mol- 
ecule is a different type than the second protein mole- 
cule. In some embodiments thereof, the first protein mol- 
ecule is a type of collagen and the second protein mol- 
ecule is a proteoglycan. In other embodiments thereof, 
the first protein molecule is Type I collagen and the sec- 
ond protein molecule is Type II collagen. In other em- 
bodiments thereof, the first protein molecule is a gly- 
cosaminoglycan and the second protein molecule is 
Type II collagen. 

[0034] Direct crosslinking can be used in accordance 
with the present invention, and typically involves using 
the crosslinking agent as a bridge to chemically connect 



one amino acid group on one protein molecule to anoth- 
er amino acid group on the same or different protein mol- 
ecule. These agents are called bifunctional agents. In 
some preferred embodiments, the crosslinking agent 
5 comprises a pair of f u nctional groups that react with ami- 
no acid groups on the native proteins to be linked. Pref- 
erably, these functional groups are aldehydes. 
[0035] Direct crosslinking can be accomplished in ei- 
ther conventional one step or multistep procedures. 
10 Conventional methods of direct crosslinking are de- 
scribed by Khor (Biomaterials 18:95-105, 1997), which 
discloses methods for crosslinking collagenous tissues 
to improve durability, particularly transplant tissues from 
xenogeneic or allogeneic sources. In some embodi- 
es ments of the present invention, direct crosslinking is ac- 
complished in a one-step reaction, preferably by using 
a bifunctional agent. In some embodiments, the bifunc- 
tional agent is selected from the group consisting of 
dialdehydes, , polyepoxy compounds and diisocy- 
anates. One more preferred bifunctional agent used in 
accordance with the present invention is gluteralde- 
hyde. 

[0036] Conventional, multistep, direct, crosslinking 
reactions are also described by Khor. In some embodi- 
ments using multistep reactions, the bifunctional 
crosslinking agent is selected from the group consisting 
of acyl azide and carbodiimides. 
[0037] Pathak et al. (Soc for Biomaterials 27 th Annual 
Meeting Transactions p. 130, 2001) describe an alter- 
native to gluteraldehyde fixation of bovine pericardium 
using bis-(sulphosuccinimidyl suberate) as the bifunc- 
tional agent. It is believed that bis(sulphosuccinimidyl 
suberate) may be less toxic than gluteraldehyde and is 
better resistant to calcification. 
[0038] Crosslinking agents can also be made by at- 
taching functional groups to synthetic polymers, which 
may improve biocompatibility. One particular example 
is functionally activating polyethylene glycol) with alde- 
hyde groups to manufacture an agent that will directly 
crosslink tissues in a manner similar to gluteraldehyde 
and formaldehyde. 

[0039] Preferably, the direct crosslinking agent of the 
present invention has a molecular weight of no more 
than 1 million Daftons. Above this preferred value, the 
crosslinking agent may be insoluble in water and may 
be very difficult to inject and disperse into the disc tis- 
sues. More preferably, the crosslinking agent has a mo- 
lecular weight of between about 1 00 Daltons and about 
100,000 Daltons. When the molecular weight of the 
agent is below about 100 Daltons, the agent may too 
easily diffuse into bodily tissues outside of the interver- 
tebral disc. When the molecular weight of the agent is 
above about 1 00,000 Daltons, the agent may not dis- 
perse adequately within the disc tissues to cause uni- 
form crosslinking of native molecules. 
[0040] One preferred embodiment of this invention in- 
volves the direct, one step, aqueous reaction of a water- 
soluble, bifunctional crosslinking agent with at least a 
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portion of the native proteins of the intervertebral disc. 
Preferred crosslinking agents for this method include 
gluteraldehyde, bis(sulphosuccinimidyl suberate), poly- 
epoxy compounds and bif unctionally activated synthetic 
polymers such as poiy(ethylene glycol) dialdehyde. 
Preferably, the agent is diluted in a pH buffered physio- 
logical saline prior to administration, A buffered pH en- 
vironment is desirable to maintain favourable reaction 
conditions during crosslinking. 
[0041] Gluteraldehyde is particularly preferred as a 
crosslinking agent due to its medical history of use with 
biological transplant tissues and injectable adhesives. 
Preferably, the crosslinking agent (which is preferably 
gluteraldehyde) is delivered to the disc in a concentra- 
tion of between approximately 0.1 and 20 volume per- 
cent (vol%), more preferably between 1 and 10 vol% in 
saline buffered to a pH of approximately 6.5 to 8.0, more 
preferably between approximately 7.0 to 7.5. 
[0042] Another method of causing the crosslinking of 
native intervertebral disc molecular components is to 
chemically react target portions of native proteins (such 
as native collagen and/or native proteoglycan proteins) 
such that synthetic functional groups (such as alde- 
hydes) are created directly on the native proteins. 
Crosslinking then preferably occurs between the syn- 
thetic functional groups (such as aldehyde groups) of 
the reacted native protein and an unreacted functional 
group (such as an amino acid group) located on either 
the same native protein or another molecule. Modifica- 
tion of the native component to form a functional group 
such as an aldehyde can be achieved using enzymatic 
oxidizing agents, and are preferably selected from the 
group consisting of lysine oxidase, transglutaminase, 
and multi-copper oxidases. Proteoglycans contain 
polysaccharide regions that may be modified to form al- 
dehyde functional groups. This modification of prote- 
oglycans may be accomplished by using either enzy- 
matic or non -enzymatic agents. Examples of enzymatic 
polysaccharide oxidizing agents include catechol oxi- 
dase and tyrosinase. Examples of non-enzymatic 
polysaccharide oxidizing agents include periodate ions 
(periodic acid, sodium and potassium periodate), nitro- 
prusside ions (sodium nitroprusside) and hydrogen per- 
oxide. 

[0043] In a preferred embodiment of this invention, a 
non-enzymatic polysaccharide oxidizing agent is inject- 
ed into the nucleus pulposus of a pathological interver- 
tebral disc. Because the dry weight component of the 
nucleus pulposus is rich in proteoglycans, there are nu- 
merous sites that can be oxidized to form functional al- 
dehydes. Subsequently, the aldehydes can react with 
amino acid regions of both native collagens and native 
proteoglycans to form crosslinks. 
[0044] Chemical modification of proteoglycans, par- 
ticularly the sulphated proteoglycans, in the nucleus pul- 
posus can elicit the added benefit of reducing the swell- 
ing pressure in the nucleus, thereby reducing both the 
potential for exuding out of the disc and the tendency 



for the nucleus pulposus to cause bulging of the annu- 
lus. This is one proposed mechanism for the effective- 
ness of chemonucleolysis in reducing pain in properly 
selected patients (Katoet a/., Spine 17:934-939, 1992). 

5 Furthermore, this mechanism is the basis for clinical ex- 
periments conducted with aprotinin, a protease inhibitor 
that forms strong complexes with sulphated gly- 
cosaminoglycans(Kraemerera/., Spine7:73-74, 1982), 
[0045] Preferably, the indirect crosslinking agent of 

10 the present invention has a relatively low molecular 
weight, is substantially completely reacted in the 
crosslinking process, and forms by-products (such as 
gases and water) which can relatively easily exit the re- 
action site. 

is [0046] As is frequently the case with pathological in- 
tervertebral discs, concomitant with the presence of 
pain is a narrowing of the disc space and/or exuding of 
disc material (herniation) into the neural foramen. Like- 
wise, the quantity of native tissue present in the disc may 

20 be lower than desired in order for crosslinking to restore 
the stability, biomechanics and disc height desired. 
Therefore, it may be desirable to add a supplemental 
protein into the disc as an adjunct to the crosslinking 
treatment. Preferably, the supplemental protein can be 

25 crosslin ked by the same crosslinking agent used to 
crosslink the native proteins of the disc. Examples of 
supplemental proteins that are useful with the crosslink- 
ing strategies described above include but are not lim- 
ited to collagen in various types and forms, hyaluronan, 

30 chondroitin sulphate, keratan sulphate, albumin, elastin, 
fibrin, fibronectin and casein. 

[0047] Although the supplemental protein may be 
added before or after the crosslinking step, a preferred 
embodiment comprises the steps of fi rst adding the sup- 

35 plemental material, then allowing or effecting the disper- 
sion of the material into the disc space, then adding the 
. crosslinking agent. Ultimately, this helps provide a more 
homogeneous crosslinked structure. 
[0048] Therefore, in accordance with the present in- 

40 vention, there is provided a method of treating in a living 
being an intervertebral disc having native molecular pro- 
teins, comprising the steps of: 

(a) injecting a supplemental protein into the in- 
45 tervertebral disc, and 

(b) injecting a crosslinking agent into the interverte- 
bral disc. 

[0049] In preferred embodiments, the method com- 
50 prises the sequential steps of: 



(a) injecting a supplemental protein into the in- 
tervertebral disc, 

(b) optionally dispersing the supplemental protein 
55 throughout at least the nucleus pulposus portion of 

the disc, and 

(c) injecting a crosslinking agent into the interverte- 
bral disc. 
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[0050] Preferably, the crosslinking agent is injected in 
an amount sufficient to crosslink at least a portion of the 
native proteins. More preferably, the crosslinking agent 
is injected in an amount sufficient to crosslink at least a 
portion of the supplemental protein. In some embodi- 
ments, the supplemental protein is selected from the 
group consisting of collagen, hyaluronan, chondroitin 
sulphate, keratan sulphate, albumin, elastin, fibrin, fi- 
bronectin and casein. Preferably, when direct crosslink- 
ing is performed, the supplemental protein is collagen, 
and gluteraldehyde is preferably selected as the 
crosslinking agent. Preferably, when indirect cross link- 
ing is performed, the supplemental protein is a polysac- 
charide (more preferably, hyaluronan) and sodium peri- 
odate is preferably selected as the crosslinking agent 
(which functions as a polysaccharide oxidizing agent). 
In some embodiments, the supplemental protein is in- 
jected substantially into the nucleus pulposus. More 
preferably, the crosslinking agent is also injected sub- 
stantially into the nucleus pulposus. Because the sup- 
plemental protein can react with the crosslinking agent, 
in preferred embodiments, the crosslinking agent is pro- 
vided in first sterile container and the supplemental pro- 
tein is provided in a second sterile container. 
[0051] Although the agents used in the disclosed in- 
vention are preferably non-toxic at the concentrations 
employed for treatment, it may desirable to substantially 
inactivate any residual crosslinking agent with an inac- 
tivating agent once adequate crosslinking has been 
achieved in order to reduce any toxic potential the 
crosslinking agent may still possess. For example, a di- 
luted solution of glycine will inactivate unreacted gluter- 
aldehyde as disclosed in WO-01/70151). Because the 
inactivating agent can react with the crosslinking agent, 
in preferred embodiments, the crosslinking agent is pro- 
vided in first sterile container and the inactivating agent 
is provided is a second sterile container. 
[0052] In certain crosslinking procedures, the reaction 
is reversible, particularly if there is a dramatic change in 
pH. For these reversible reactions, it may be preferable 
to add a stabilizing agent once the crosslinking has been 
achieved. For example, the reaction of aldehyde func- 
tional groups with proteins generally forms what is know 
as a Schiff base, which may be a reversible reaction 
(with the exception of gluteraldehyde, which may under- 
go an irreversible reaction with proteins). In these cases 
where reverse reactions are possible, it may be prefer- 
able to include a later step of adding a stabilizing agent 
that substantially prevents the reversal of the crosslink- 
ing reaction. Preferred stabilizing agents comprise bo- 
ron compounds. More preferred stabilizing agents are 
selected from the group consisting of sodium borohy- 
dride, sodium cyanoborohydride or pyridine borane. Py- 
ridine borane is a more preferred agent for this invention 
due to its relatively higher biocompatibility. Because the 
stabilizing agent can react with the crosslinking agent, 
in preferred embodiments, the crosslinking agent is pro- 
vided in a first sterile container and the stabilizing agent 



is provided in a second sterile container. 
[0053] In some embodiments, one or more of the 
compounds selected from the group consisting of the 
crosslinking agent, the supplemental protein, the inac- 

5 tivating agent and the stabilizing agent is delivered (pref- 
erably, separately) to the disc in a buffered saline solu- 
tion capable of controlling pH during the crosslinking re- 
action. Preferably, the solution is buffered to a pH of ap- 
proximately 6.5 to 8.0, more preferably between approx- 

10 imately 7.0 to 7.5. 

[0054] In some embodiments, one or more of the 
compounds selected from the group consisting of the 
crosslinking agent, the supplemental protein, the inac- 
tivating agent and the stabilizing agent is delivered (pref- 

15 erably, separately) to the disc in a composition further 
comprising a radio-opaque contrast medium present in 
an amount sufficient to monitor the flow of the composi- 
tion through fluoroscopy. In some embodiments, the ra- 
dio-opaque contrast medium comprises iodine. In some 

20 embodiments, the radio-opaque contrast medium is an 
iodine-containing dye. In some embodiments, the radio- 
opaque contrast medium comprises a compound se- 
lected from the group consisting of barium-containing 
compounds (such as barium sulphate), zirconia and tan- 

25 talum, is preferably a barium-containing compound, and 
more preferably is barium sulphate. 
[0055] Therefore, in accordance with the present in- 
vention, there is provided a composition present within 
a natural intervertebral disc having a nucleus pulposus 

30 and an annulus f ibrosus, comprising a crosslinked struc- 
ture comprising: 

(a) proteins which are native to the intervertebral 
disc, and 

35 (b) a radio-opaque contrast medium present in an 
effective amount to be detected by fluoroscopy. 

[0056] Also in accordance with the present invention, 
there is provided a composition for treating a natural in- 
40 tervertebral disc having native proteins, the composition 
comprising: 

(a) a crosslinking agent present in an effective 
amount for crosslinking both at least a portion of the 

« native proteins, and 

(b) a radio-opaque contrast medium present in an 
effective amount to be detected by fluoroscopy. 

[0057] In preferred embodiments, the compound is 
50 delivered in a buffered saline solution containing the ra- 
dio-opaque contrast medium. In more preferred embod- 
iments, each compound used in the procedure is deliv- 
ered in a buffered saline solution containing the radio- 
opaque contrast medium. 
55 [0058] When certain embodiments of the present in- 
vention are practised, there is produced a composition 
present within an intervertebral disc having a nucleus 
pulposus, comprising a crosslinked structure compris- 
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ing: 

(a) proteins which are native to the intervertebral 
disc, and 

(b) supplemental proteins. 5 

[0059] In some embodiments, the crosslinked struc- 
ture further comprises a direct crosslinking agent, pref- 
erably, gluteraldehyde. 

[0060] In some embodiments, the native proteins are 
substantially derived from the nucleus pulposus. 
[0061] When certain embodiments of the present in- 
vention are practised, there is produced a composition 
formed within an intervertebral disc having a level of nat- 
urally crosslinked proteins, the composition comprising 
a crosslinked structure comprising proteins which are 
native to the natural intervertebral disc, wherein the 
crosslinked structure has a degree of crosslinking which 
is higher than the unmodified level of naturally 
crosslinked proteins. Preferably, the naturally 
crosslinked proteins are unmodified. 
[0062] In some embodiments, the crosslinked struc- 
ture further comprises a direct cross linking agent, pref- 
erably gluteraldehyde. In others, the crosslinked struc- 
ture has been crosslinked using an indirect crosslinking 
agent which is not incorporated into the crosslinked 
structure. Optionally, the crosslinked structure further 
comprises supplemental proteins. In preferred embodi- 
ments, the disc further comprises an annulus fibrosus 
having an inner wall, and wherein the crosslinked struc- 
ture includes the inner wall of the annulus fibrosus. In 
others, the crosslinked structure is present essentially 
within the nucleus pulposus. In others, the crosslinked 
structure is present essentially throughout the entire 
disc. 

[0063] In a preferred embodiment of the invention, the 
agents and materials to be delivered to the intervertebral 
disc are injected percutaneously under fluoroscopic 
control using a syringe and appropriate gauge needle, 
for example 25G. Such a minimally invasive procedure 
is highly desirable for minimizing damage to muscu- 
loskeletal structures and can be performed using an out- 
patient procedure. Although this injection can be deliv- 
ered from any approach to the disc, it is preferable to 
use a posterior or posterolateral approach such that the 
needle is required to pass through a shortest distance 
before reaching the disc without penetrating major vas- 
cular or neural structures. Preferably, the agents and 
materials of this invention are injected into the centre of 
the nucleus pulposus of the disc such that the material 
can then disperse radially into the remainder of the nu- 
cleus pulposus and/or remainder of the disc. 
[0064] The volume of diluted crosslinking solution in- 
jected into the disc is preferably between approximately 
0.1 and 10 ml, more preferably between approximately 
1 and 5 ml. This ensures that adequate crosslinking 
agent is delivered to the disc yet does not produce high 
pressures in the disc, potentially causing failure of the 



disc and extruding of crosslinking agent and disc mate- 
rial. The volume of supplemental protein needed is pref- 
erably determined based on the amount of volume res- 
toration needed to restore the disc to its natural size. 
This can be determined using a combination of x-rays 
and MRI scans. 

[0065] In another preferred embodiment, light exer- 
cising is used as an adjunct to the procedure in orderto 
aid in the dispersing of agents and materials within the 
disc and to ensure complete reaction of the functional 
materials injected and/or generated. Examples of light 
exercise include limited left and right lateral bending, 
flexion and extension, and torso twists (axial rotation). 
Preferably, the light exercising is performed after each 
step of the treatment to disperse each agent or material 
prior to delivering a subsequent material. 
[0066] As noted above, it is desirable to provide the 
different compounds used in the present invention in 
separate sterile containers in orderto avoid undesirable 
reactions between them prior to their injection into the 
disc. 

[0067] Therefore, in accordance with the present in- 
vention, there is provided a kit for injecting therapeutic 
solutions into an intervertebral disc having native pro- 
teins, comprising: 

(a) a first container having a sterile inner surface 
and containing a first compound, and 

(b) a second container having a sterile inner surface 
and containing a second different compound, 

wherein the first and second compounds are se- 
lected from the group consisting of: 

(i) a crosslinking agent present in an effective 
amount for cross linking at least a portion of the na- 
tive proteins, 

(ii) a supplemental protein, 
(tii) an inactivating agent, and 
(iv) a stabilizing agent. 

[0068] In some embodiments, there is provided a third 
container having a sterile inner surface containing a 
third different compound selected from the above group 
of compounds. In other embodiments, there is provided 
a fourth container having a sterile inner surface contain- 
ing a fourth different compound selected from the above 
group of compounds. 

[0069] In preferred embodiments, at least one con- 
tainer containing a compound further contains a buff- 
ered saline solution, and preferably further contains a 
radio-opaque contrast medium. In more preferred em- 
bodiments, each provided container containing a com- 
pound further contains a buffered saline solution, and 
preferably further contains a radio-opaque contrast me- 
dium. 

[0070] In preferred embodiments, the first container 
contains the crosslinking agent present in an effective 
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amount for Crosslin king at least a portion of the native 
proteins, and the second container contains the supple- 
mental protein. 

[0071] In some preferred kit embodiments, the 
crosslinking agent is a direct crosslinking agent (such 
as gluteraldehyde) and the supplemental protein is col- 
lagen. In others, the crosslinking agent is an indirect 
cross linking agent (such as sodium periodate) and the 
supplemental protein is hyaluronan. 
[0072] In some embodiments, the kit further compris- 
es first and second sterile syringes for separately inject- 
ing the compounds. In other embodiments, third and 
preferably fourth syringes are also provided. In some 
embodiments, the containers of the kit are provided in 
a case. Likewise the syringes of the kit are provided in 
the case. 

EXAMPLE 1 Biomechanical Testing of Cadaveric 
Functional Spine Units after Crosslinking Treatment 

[0073] In a prophetic experiment, four human cadav- 
eric lumbar spine segments (L1 - L5) are tested biome- 
chanically to determine range-of-motion (ROM) in flex- 
ion-extension, lateral bending, axial torsion and pure 
compression to establish a baseline. Three crosslinking 
solutions plus one control solution are prepared: 1) 1 0% 
w/v gluteraldehyde in 0.1 M phosphate buffered saline 
(PBS) with pH 7.4; 2) 10% w/v bis(sulphosuccinimidyl 
suberate) in PBS; 3) 10% sodium periodate in PBS; 4) 
PBS alone. For a given treatment, 2 ml of solution is 
injected into the centre of one of the four intervertebral 
discs of the cadaveric lumbar spine using a 5 ml syringe 
and 25G needle. For each spine segment, all treatments 
are applied, one to each level. 
[0074] Following the injections, the spine segments 
are subjected to simulated light exercise, i.e. flexion-ex- 
tension, lateral bending and axial rotation. These exer- 
cises are repeated at various times during the course of 
the experiment. After 2 hours and 24 hours, the biome- 
chanical range-of-motion (ROM) testing is repeated to 
measure the effect of crossiinking on each motion seg- 
ment. 

[0075] The range of motion testing should indicate 
that the stiffness of the segments significantly increased 
over that of a normal untreated disc. 

EXAMPLE 2 Outpatient Procedure for In Situ 
Crosslinking Treatment of the Intervertebral Disc 

[0076] After complaining of low back and leg pain, a 
patient is referred to a spine specialist. Using x-rays and 
MRI, the physician determines that the pain is being 
caused by a bulging intervertebral disc with loss of disc 
height. The recommended treatment is restoration of 
disc height with an injection of soluble Type I atelocol- 
lagen followed by crosslinking treatment with 10% glu- 
teraldehyde. 

[0077] In the first outpatient procedure, 2 ml of atel- 



opeptide Type I collagen solution is injected percutane- 
ously into the centre of the intervertebral disc. The pa- 
tient then follows a prescribed light exercise regimen of 
limited right and left lateral bending, flexion and exten- 
5 sion, and torsional twisting and told to refrain from lifting 
heavy objects and engaging in high impact exercises. 
[0078] The second outpatient procedure is performed 
on the following day. In this procedure , 2 ml of 1 0% glu- 
teraldehyde solution in 0.1 M phosphate buffered saline 
10 (pH 7.4) is injected percutaneously into the centre of the 
intervertebral disc. Again, the patient then follows a pre- 
scribed light exercise regimen of limited right and left 
lateral bending, flexion and extension, and torsional 
twisting and told to refrain from lifting heavy objects and 
is engaging in high impact exercises for at least two days. 



Claims 

20 1. a kit for injecting therapeutic solutions into an in- 
tervertebral disc having native proteins, comprising: 

a. a first container having a sterile inner surface 
and containing a first compound, and 
25 b. a second container having a sterile inner sur- 

face and containing a second different com- 
pound, 

wherein the first and second compounds are select- 
30 ed from the group consisting of: 

i. a crosslinking agent present in an effective 
amount for crosslinking at least a portion of the 
native proteins, 
35 ii. a supplemental protein, 

iii. an inactivating agent, and 

iv. a stabilizing agent. 

2. The kit of claim 1 further comprising a third contain- 
40 er having a sterile inner surface containing a third 

different compound selected from the group. 

3. The kit of claim 2 further comprising a fourth con- 
tainer having a sterile inner surface containing a 

45 fourth different compound selected from the group. 

4. The kit of claim 1 wherein at least one container 
containing a compound further contains a buffered 
saline solution and a radio-opaque contrast medi- 

so urn. 

5. The kit of claim 1 wherein each container of the kit 
further contains a buffered saline solution, and pref- 
erably further contains a radio-opaque contrast me- 

55 dium. 

6. The kit of claim 1 wherein the first container con- 
tains the crosslinking agent present in an effective 
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amount for crosslinking at least a portion of the na- 
tive proteins, and the second container contains the 
inactivating agent. 

7. The kit of claim 1 wherein the first container con- 
tains the crosslinking agent present in an effective 
amount for crosslinking at least a portion of the na- 
tive proteins, and the second container contains the 
supplemental protein. 

8. The kit of claim 7 wherein each container contains 
further contains a buffered saline solution and a ra- 
dio-opaque contrast medium. 

9. The kit of claim 1 wherein the crosslinking agent is 
present in the first container in a concentration of 
between 0.1 and 20 volume percent. 

10. The kit of claim 1 wherein the cross linking agent is 
present in the first container in a concentration of 
between 1 and 10 volume percent. 

11. The kit of claim 1 further comprising first and second 
sterile syringes. 

12. The kit of claim 1 further comprising a case, wherein 
the containers are provided in the case . 

13. A composition present within an intervertebral disc 
having a nucleus pulposus and an annulus fibrosus, 
comprising a crosslinked structure comprising: 

a. proteins which are native to the intervertebral 
disc, and 

b. supplemental proteins. 

14. The composition of claim 13 wherein the 
crosslinked structure further comprises a direct 
crosslinking agent. 

15. The composition of claim 13 wherein the direct 
crosslinking agent is gluteraldehyde. 

16. The composition of claim 13 wherein the cross 
linked structure is present in the annulus fibrosus. 

17. The composition of claim 13 wherein the 
crosslinked structure is present substantially in the 
nucleus pulposus. 

1 8. A composition formed within a natural intervertebral 
disc having a level of naturally crosslinked proteins, 
the composition comprising a crosslinked structure 
comprising proteins which are native to the natural 
intervertebral disc, wherein the crosslinked struc- 
ture has a degree of crosslinking which is higher 
than the level of naturally crosslinked proteins in the 
disc. 



6 736A1 18 

19. The disc of claim 1 8 wherein the cross linked struc- 
ture further comprises a direct cross linking agent. 

20. The disc of claim 18 wherein the naturally 
5 crosslinked proteins in the disc are unmodified. 
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